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Chapter 3. Stoichiometry: Calculations with Chemical Formulas and Equations

3.1 Chemical Equations

* Lavoisier observed that mass is conserved in a chemical reaction.
» This observation is known as the law of conservation of mass.’
*  The quantitative nature of chemical formulas and reactions is called stoichiometry.
* Chemical equations give a description of a chemical reaction. '
» There are two parts to any equation:
* Reactants (written to the left of the arrow) and
* Products (written to the right of the arrow):
2H, + O, = 2H,0
* There are two sets of nurnbers in a chemical equation:
* Numbers in front of the chemical formulas (called stoichiometric coefficients) and
*  Numbers in the formulas (they appear as subscripts).
* Stoichiometric coefficients give the ratio in which the reactants and products exist.
 The subscripts give the ratio in which the atoms are found in the molecule.
» Example: '
* H,0 means there are two H atoms for each one molecule of water.
* 2H,0 means that there are two water molecules present.
* Note: In 2H,0 there are four hydrogen atoms present (two for each water molecule).
» Matter cannot be lost in chemical reactions. :
* Therefore, the products of a chemical reaction have to account for all the atoms present in the reactants.’’

 Consider the reaction of methane with oxygen:

CH; + O, - CO, + HyO

» Counting afoms in the reactants:

« 1C;

e 4H;and

+ 20.
* In the products:

s 1GC;

* 2H;and

+ 30.

» It appears as though H has been lost and C has been created.
» To balance the equation, we adjust the stoichiometric coefficients:
CH,; + 20, - CO, +2H,0

3.2 Patterns of Chemical Reactivity

Using the Periodic Table
* Asaconsequence of the good ordering of the periodic table, the properties of compounds of elements vary
in a systematic manner. :
* Example: All the alkali metals (M) react with water as follows:
2M(s) + 2H,0(]) = 2MOH(aq) + Ha(g)
The reactions become more vigorous as we move from Li to Cs.
Sodium reacts with water to produce an orange flame.
Potassium reacts with water to produce a blue flame.
The reaction of potassium with water produces so much heat that the hydrogen gas produced usually
ignites with a loud pop.

Combustion in Air
» Combustion reactions are rapid reactions that produce a flame.
» Combustion is the burning of a substance in air.
» Example: Propane combusts to produce carbon dioxide and water:
C3Hg(g) + 501(g) — 3CO2(g) +4H0())



Combination and Decomposition Reactions
* In combination reactions two or more substances react to form one product.
» Combination reactions have more reactants than products.
« Consider the reaction: ( h
2Mg(s) + Oa(g) ~ 2MgO(s) e
» Since there are fewer products than reactants, the Mg has combined with O, to form MgO.
» Note that the structure of the reactants has changed:
* Mg consists of closely packed atoms, and O, consists of dispersed molecules.
«  MgO consists of a lattice of Mg®* and O*~ ions.
» In decomposition reactions one substance undergoes a reaction to produce two or more other substances.
» Decomposition reactions have more products than reactants.
» Consider the reaction that occurs in an automobile air bag:
2NaNj(s) = 2Na(s) + 3Na(g)
* Since there are more products than reactants, the sodium azide has decomposed into Na metal and N,
gas. :

3.3 Atomic an‘d Molecular Weights

The Atomic Mass Scale
* Consider 100 g of water:

» Upon decomposition 1.1 g of hydrogen and 88.9 g of oxygen are produced.

» The mass ratio of O to H in water is 88.9/11.1 = 8.

¢ Therefore, the mass of O is 2 x 8§ = 16 times the mass of H.

o IfH has a mass of 1, then O has a relative mass of 16.

» We can measure atomic masses accurately using a mass spectrometer.

«  We know that 'H has a mass of 1.6735 x 107** g, and '°0 has a mass of 2.6560 x 1072 g
» Atomic mass units (amu} are convenient units to use when dealing with extremely small masses of

individual atoms.
e lamu=1.66054x10g and 1g=6.02214x 10% amu .
« By definition, the mass ¢f '*C is exactly 12 amu.

Average Atomic Masses’’
»  We average the masses of isotopes using their masses and relative abundances to give the average atomic mass of an
element.
«  Naturally occurring C consists of 98.892% '*C (12 amu) and 1.108% *C (13.00335 amu).
» The average mass of C is
(0.98892)(12 amu) + (0.01108)(13.00335) =12.011 amu
» Atomic weight (AW) is also known as average atomic mass.
+ Atomic weights are listed on the periodic table.

Formula and Molecular Weights
¢ Formula weight (FW) is the sum of atomic weights for the atoms shown in the chemical formula.
* Example: FW (H,SO4)
=2AW(H) + AW(S) + 4AW(0O)
=2(1.0 amu) + 32.1 amu + 4(16.0 amu)
=98.1 amu
e Molecular weight (MW) is the sum of the atomic weights of the atoms in a molecule as shown in the
molecular formula.
» Example: MW (CgH,206)
=6(12.0 amu) + 12 (1.0 amu) + 6 (16.0 amu)
= 180.0 amu
» Formula weight of the repeating unit is used for ionic substances.
» Example: FW (NaCl) '
=23.0 amu + 35.5 amu
=58.5 amu



Percentage Composition from Formulas

Percent composition is obtained by dividing the mass contributed by each element (number of atoms times
AW) by the formula weight of the compound and multiplying by 100.

. The Mass Spectrometer

Mass spectrometers are pieces of equipment designed to measure atomic and molecular masses accurately.
The sample is converted to positive ions by collisions with a stream of high energy electrons upon entering the
spectrometer.

The charged sample is accelerated using an applied voltage.

The ions are then passed into an evacuated tube and through a magnetic field.

The magnetic field causes the ions to be deflected by different amounts depending on their mass.
The ions are then detected.

3.4 The Mole*’***

The mole is a convenient measure of chemical quantities (just as a dozen is a convenient way to measure
cooking quantities).

1 mole of something = 6. 0221421 x 102 of that thing.’

 This number is called Avegadro’s number.

« Thus 1 mole of carbon atoms = 6.0221421 x 10* carbon atoms.

A Molar Mass

The mass in grams of 1 r1ole of a substance is sa1d to be the molar mass of that substance. Molar mass is
expressed in units of g/mol (also written g'mol™).

The mass of 1 mole of "C =12 g.

The molar mass of a roiecule is the sum of the molar masses of the atoms.

» Example: The mclar mass of N; =2 x (molar mass of N).

Molar masses for elements are found on the periodic table.

Formula weights are nurnerically equal to the molar mass.

Interconverting Masses, vicles, and Number of Particles

Look at units:

* Mass: g

» Moles: mol

* Molar mass: g/mol

« Number of particles: 5.022 x 10% mol (Avogadro’s number).
* Note: g/mol x mol = g (i.e. molar mass x moles = mass), and

« mol xmol™ =anumber (i.e. moles x Avogadro’s number = molecules).
To convert between grarns and moles, we use the molar mass.
To convert between moles and molecules we use Avogadro’s number.

3.5 Empirical Formulas from Analyses

Recall that the empirica! formula gives the relative number of atoms in the molecule.

Finding empirical formula from mass percent data:

*  We start with the mass percent of elements (i.e., empirical data) and calculate a formula.
* Assume we start with 100 g of sample.
* The mass percent then translates as the number of grams of each element in 100 g of sample.
* From these masszs, we can calculate the number of moles (using the atomic weight from the

periodic table).

The lowest whol: -zumber ratio of moles is the empirical formula.

Finding the empirical tnass percent of elements from the empirical formula:

» If we have the empirical formula, we know how many moles of each element are present in 1 mole of
the sample.

« Next, we use molar masses (or atomic weights) to convert to grams of each element.

»  We divide the grams «f each element by grams of 1 mole of sample to get the fraction of each element
in 1 mole of sample.

*  We multiply each fraction by 100 to convert to a percent.



Molecular Formula from Erzpirical Formula
* The empirical formula (relative ratio of elements in the molecule) may not be the molecular formula (actual
ratio of elements in the rnolecule).
» Example: Ascorbic acid (vitamin C) has the empirical formula C3H4O;.
¢ The molecular formula is C4HgOs.
» To get the molecular formula from the empirical formula, we need to know the molecular weight, MW.
»  The ratio of molecular weight (MW) to formula weight (FW) of the empirical formula must be a whole number.

Combustion Analysis”’

» Empirical formulas are rcuiinely determined by combustion analysis.

* A sample containing C, H, and O is combusted in excess oxygen to produce CO, and H,0O.

» The amount of CO, gives ihe amount of C originally present in the sample.

* The amount of H>C gives the amount of H originally present in the sample.
e Watch stoichiometry: 1 mol HyO contains 2 mol H.

* The amount of O originally present in the sample is given by the difference in the amount of sample and the
amount of C and H accounted for. » v

» More complicated metheds can be used to quantify the amounts of other elements present, but they rely on
analogous methods.

3.6 Quantitative Information from Balanced Equations’”’

» The coefficients in a balzniced chemical equation give the relative numbers of molecules (or formula units)
involved in the reaction.
» We can interpret this equzzion as the number of moles of reactant that are required to give the number of
moles of product.
» A stoichiometric ratio is the ratio of the number of moles of one reactant or product to the number of
moles of another reactant or product.
« It is important to realize that the stoichiometric ratios are the ideal proportions in which reactants are needed
to form products.
» The real ratio of reactants and products present in the laboratory needs to be measured (in grams and
converted to moles}.
» The number of grams of = reactant cannot be directly related to the number of grams of a product.
» To get grams of procuct from grams of reactant:’
* Convert grams cf rzactant to moles of reactant (use molar mass).
» Convert moles ot reactant to moles of desired product (use the stoichiometric ratio from the balanced
chemical equatior}.
» Convert moles vazk into grams for desired product (use molar mass).

3.7 Limiting Reactants "’
» It is not necessary to have all reactants present in stoichiometric amounts.
* Often, one or more reactanis are present in excess.
« Therefore, at the end of the reaction, those reactants present in excess will still be in the reaction mixture.
» The one or more reactaxts that are completely consumed are called the limiting reactants.’
* Consider 10 H, moiecul=s mixed with 7 O, molecules that react to form water.
* The balanced chemical equation tells us that the stoichiometric ratio of H, to O, is 2 to 1:
2Hy(g) + O2(g) - 2H0()
» This means that our {3 Hy molecules require 5 O, molecules (2:1).
» Since we have 7 O i:olecules, our reaction is limited by the amount of H, we have (the O is present in
excess).
* So, all 10 H; molect!zs can (and do) react with 5 of the O, molecules to produce 10 H,O molecules.
e At the end of the reaziion, 2 O, molecules remain unreacted.

Theoretical Yields

» The amount of product r:edicted from stoichiometry taking into account limiting reagents is called the
theoretical yield.

» The percent yield relates the actual yield (amount of material recovered in the laboratory) to the theoretical
yield.

actual yleld

Percent yield = x100
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—_ SAMPLE EQUAnom FROM oD AP anms T T

= -““1. Magnesium metal is_burned in mtrogen_gas ——r-,__....* o .:._-........,‘ R e e

r—— ST W

<Ct“'2 Sulfur dioxide gas is passed-over solid calcium oxide - _ _ .= | )

-~ 3. Lead foil is immersed in silver nitrate solution. P

4. A solution of amonium sulfate is added to a saturated solution of barium hydroxige

5. Acetic acid solution is added to a solution of sodium hydrogen carbonate

6. Solid sodium dichromate is added to an acidified solution of sodium iodide.
: ,

\J .

A drop of potassiun thiocyanate is added to a solution of iron (III) chloride.
8. Ethanol is completely burned in air
\ . ‘ . .
9. Hydrogen gas is passed over hot iron (I1I) oxide
r 10. Solutions of potassium iodide and potassium jodate are mixed in acid -

L‘ 11. Dilute sulfuric acid is added to solid caicium fluoride

w

12. Solid ammonium carbonate is heated

13. Methane gas is mixed with an excess of chlorine gas

14. A-concentrated solution of ammonia is added to a suspension of zinc hyroxide

AN

| .
15. Hydrogen peroxide is added to an acidified solution of sodium bramide

16. D11ute hydrochloric acid is added to a dilute solution of mercury (I) nitrate

-

17. Dllute sulfuric acid is added Lu a solut:.on of barium acetate

- - -~ -

18. Solid phosphoro{.\s pentachloride is added to excess water



e o 19,

L

- 21.

— e - -

A solution of hydrogen peroxide is catalyrically Iieccmposed ol —

LI
————

Powdered iron is added to a solution of iron (IIT) sulfate - == - ° /

Amonium chloride crystals are added to a solution of sodium hydroxide ——

22.

23.

4.

25.

26.

27.

29.

31.

3.

2.

.

35.

Ohlorine gas is bubbled into a solution of sodium bramide”

A pr—écipitate is formed when solutions of trisodium phosphate and calcium
chloride are mixed

Eenzene is treated with bramine in the presencg-of a catalyst

A solution of copper (ll) sulrate 1s electrolyzed using inert electrodes
Hydrogen sulfide gas is bubbled throuzhaexcess potassium hvdroxide calsria-
So}utigns of silver nitrate and ;;diun‘chranate are mixed

>oaium hydroxide solution is added to a precipitate of aluminum hydroxide \
in water. '

Solid sodium sulfite is added to water.

. A solution of formic acid, HOOOH, is oxidizéd by an acidified soiution or

potassium dichromate

Ammonia gas and carbon dioxide gas are bubbled intn watew ...

p——— T "7 T . i .
(oncentrated hydrochloric acid solution is added to solid manganese(IV) oxide
and the reactants are heated

dolutions of sodium fluoride and dilute hydrochloric acid are mixed
A saturated solution of barium hydroxide is mixed with a solution of iron (III)

sulfate

A solution of ammonium sultate is added to a potassium hydroxide solution |
NS




Equations of the Week

Write net wewie equations for the following:

a. The complete combustion of methane (CH,)

b. The decomposition of Magnesium chlorate

¢. Chorine gas is bubbled into an aqueous solution of sodium iodide

d. Magnesium ribbon is burned in air
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USEFUL CLABEBIFICATIONS OF COMPOUNDS

ADIDG - COMPOUNDS WITH FORMULAS THAT BEGIN WITH H

HOL , HNO

THE NUMBER OF FREZUENTLY ENCOUNTERED STRONG ACIDS (ACIDS THAT
ARE  PRESENT IN SOLUTION YERY LARGELY AR I0NS RATHER THAN AR
MOLECLULES) I8 SHMALL AND YOU SHOLLD KRNOW THEM BY NAME AND
FORMILS

HZ1L - hydrochloric acid
HEr — hydrobromic acid
HI —~  hydroiodic acid
HMNOw ~ nitric acid
HaSl, — suldfuric acid
HC10L. ~ perchloric acid

AR A FIRST AFPROXIMATION, A&l OTHER ACIDS MAY BE CONSIDERED
WEAE (FRESENT IN S0LUTION LARGELY A5 MOLECULES) UNLESE AMD UNTIL

THE

e
-~

THE

"

STUDENT LEARNS OTHERWISE,

BABES - COMPOUNDS WITH FORMULAS THAT END WITH O
Malik, KM
NUMBER OF STRONDG BOASES (BASES THAT ARE FRESENT IN SOLUTION

LARGELY AS METAL IO0ONS AND HYDROXIDE IONS RATHER THAN A%
MOLECULES) I8 NOT LaRGE, aND THESE SHOULD BE LEARNED,

LR

»

LidH  lithium hydroside

MalH  sodium hydrogide B Qof

FOH potassium hydroxide ales RLOH LA
LalOHla calocium hydroxide CcoH

Sr{0H)e strontium hydrovide

Ba(OH)e barium hydroside

METAL OXIDES — BINARY COMOUNDS DOF & METAL AND OXYEEM

Cal

METAL OXIDES (BABIC ANHYDRIDES) REACT WITH WATFER TO FORM
METALLIC HYDROXIDE. IF THESE ARE SOLUBLE THEY THEN FROVIDE
HYDROXIDE IONS AND ARE THUS BASES IN WATER SDLUTION.

NONMETAL OXIDES — BINARY COMPOUNDS OF & METAL AND OXYGEN
20z
MONMETAL OXIDESZ (ACID ANMYDRIDES) REACT WITH WATER TO FORM

ACIDE.

SALTE - COMPOUNDE OF METALS THAT ARE NOT BASES OR METAL OXIDES
Mall, Mgs, ZnSl,

THE BALTE THAT ARE SOLUBLE IN WATER INMCLUDE ALL OF THE SaALTS
OF LITHIUM, SO0DIUM, FOTASBSIUM, AND AMMONIUM CATIONS AND OF
MITHRATE AND ADETATE ANMIONS. ALL CHLORIDE ARE SOLUBLE EXCEPRT
THOSE OF SILVER, LEAD aND MERCURY (1) IONS. ALL SULFATES aARE
SOLUBLE EXCEPT THOSE OF LEAD, CALDIUM, STRONTIUM aND BARILUM.
all. OTHER SA8LTE SHOULD RBRE

CONSTSERED OMLY BLIGHTLY BOLUBLE UNLESS aMD UNTIL OME LESRNS

OTHER COMPDOUNDS  (MOST COMPOUNDS BELONE HERE. )
Ei“‘l.q. 3 N H o



P O I K F e BT R R B N 0 3 A I B 2 0 0 2 N
WHEN REFRESENTING A REACTION THAT OCCURS IN WATER SOLUTION, THE
SUBSTANCES THAT SHOULD BE WRITTEN AS I0OMS ARE THE STRONME ACIDS,
STRONG BASES, AND THE SOLUBLE SaLTS.

S AR L LR R R TR R RN R R LR R R R R AR ST (R R VRt

IN ADDITION KEEF IN MIND

A, UNSTABLE MOLECULES
Hea OQmm e 4 Dl
MHepble el H=( + 8
MHaOH —~=—— M + Mo

B. ACID ANHYDRIDES - NONMETALLIC OXIDES
S0= , L0z, 50m, Nale
BAGIC AMHYDRIDES - METALLIC OXIDES
Cad, Mgh, NazxO

. AMPHOTERIC HYDROXIDES AND OXIDES DF METALS ~ FOR THESE
REACTIONS THERE IS USUALLLY AN EXCESS OF OH- I0ONS
AL =+, D in®r, gn=-+

EXAMFLE ALOH) . + 3HY ==l A1+ + ZHOH
AL (OHY .  + O~ ———1 AL (OH) 4~

CHEMICAL REACTIONS AND EQUATION

SOME COMMON TYFPES OF REACTIONS

A. REACTIONS INVOLVING CHANBES IN OXIDATION STATES

1 COMEINATION REACTIONS (SYNTHESIS)
A+ B om0

THO REACTANTS COMEINE TO FORM A SINGLE FRODUCT.  MANY ELEMENTS
REACT WITH ONE ANMOTHER IN THIS FASHION TO FORM BINARY COMPOUNDS.
THE SYMBOL FOR THE MORE ELECTROPOSITIVE ELEMENT IS WRITTEN FIRS
AND VALENCE RELATIONS ARE USED TO ORTAIN THE FORMULA.

£t + Uags: ——=—3% Clzig

Nz cegd T :‘lH:;;,\ Cgyy T :NH";; TR

ALSO - AN OXIDIZER WILL REACT WITH A REDUCER OF THE S5AME ELEMENT
TO PRODUCE THE ELEMENMT AT AN INTERMEDIATE OXIDATION STATE.
EXamMplLES:
SOLUTIONS OF POTASSIUM IODIDE, POTASSIUM IODATE, AND DILUTE
SULFURIC ADID ARE MIXED
I~ + 0w~ T el T 4 HD



N,
/ .

N

A BFIECE OF IRON IS ADDED TO A SOLUTION OF IRON(ITII) SULFATE

Fe -+ Fa%*

e [ g R

2, REACTIONS RETWEEN AN OXIDIZER AND A& REDUCER
FRODUCTS FROM SUCH REACTIONS CAN USUALLY BE PREDICTED FROM
ENOWLEDGE ARDUT A& LIMITED NUMBER OF OXIDIZERS AND REDUCERS.

IMFORTANT OXIDIZERS
Mnide— IM ACID 50L..
Ml IN ACID 50L.

Mrle— IN NEUTRAL OR
BASIC S0L.

Lrzl-2- IN ACID S0L
HMOw  CONCERNTRATED
HMO  DILUTE

HabDae HOT CONCENTRATED
METAL  IC IONS

FREE HALOGENS

Manlz

HC10,

INPGRTQNT REDUCERS

HALIDE IO0ONS
FREE METALD
SULFITE TOMS (OR 80z

NMITRITE I0ONG

FREE HALDBENS, DIL RASIC S0LN

FREE HALOGENS, COND. BaBIO

METAL DUS TONES

FORMED IN THE READTION
Mnmf .
My =

Mﬁﬁm

Ly
M=
MO
85Uz
METAL OUS TONMS
HMALIDE ITONSG
NalH

L

FORMED IN THE REACTION

FREE HALOGEN
METAL ITOME
SULFOATE TONS
NMITHRATE TONS
HYFOHALITE I0ONES
SOLN. HALATE L[0OND

METAL 10 TONS

TO PREDICT FRODUCTS OF A REACTION THAT FITS INTO THIS CATEGDORY

LOGE AT THE REABENTS GIVEN

IN THE GQUESTION TO SEE IF THERE ARE



AVAILABLE BOTH AN OXIDIZER AND A REDUCER. THIS STEF MAY INVOLVE
RECOBNIZING THE IONS THAT ARE FARTS OF THE COMFOUNDS LISTED AS
THE REAGENTS. THEN ONE CAM WRITE THE APFROFRIATE FRODUCTS FROM
THE OXIDER AND THE REDUCER FRESENT. KEEF IN MIND THE ACID OR THE
BASE FRESENT IF AN ACID OR A BASE IS LISTED AS A REACTANT. IN
ACIDIC SOLUTIONS, ANY METAL [ONS FORMED CAN COMEINE WITH THE
ANION OF THE ACID TO FORM SALTS. KEEF IN MIND THE SOLUBILITIES
OF THE SALTS THEN FREDICT IF THE FRODUCTS INCLUDE A PRECIFITATED
SALT OR WHETHER IONS ARE THE AFPROFRIATE FRODUCTS.

REDOX SEADTIDNS ARE OFTEN RECOGNIZED BY:

«ew. familiarization with important reducers and oxidizers
»aess the clue that there is "added acid" or the solution is
"acidified"

cvsae the use of the supplied reduction potential reference

Examples

Manganese dioxide is added to concentrated hydrochloric acid
and heated.

MrOz + H* ———% Mn=* + Clz + Hz0

A solution of iron(II) nitrate is added to an acidified
solution of potassium permanganate.
Fe2+ + H* + Mp0g~ =--——} Fe** + Mn®* + H=20

Manganesium metal is added to dilute nitric acid. One of the

products contains nitrogen with an oxidation number of -3.
Mg H* + NDx— ———3 Mg=+ + NHg + Hz0

(INFORMATION ABOUT BASIC SOLUTIONS WILL FOLLOW

T. SOME DECOMFOSITON REACTIONS INVOLVE REDOX

L ————3» A + B

A SINGLE REACTANMT BREAKS AFART TO FORM TWO GH MORE SURSTAMCES.
MANY COMPOUNDS BEHAVE IN THIS FASHION WHEN HEATED.

CHLORATES DECOMFOSE IN THE FRESENCE OF HEAT
:-‘I'Cl U:‘S Cug) =~ ] S e | cwm> T -.:02 Ce)d
& SOLUTION OF HYDROGEN PEROXIDE IS CATQLYTICQLLY DECOMFQSELDL

Helly ——m———i Ha0 + D=

vttt |
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ECECTROLYSIE DECOMPOBES COMFOUNDS INTO THEIR ELEMENTS

Hal e He + Oz

4. BINGLE DISFLACEMENT REACTIONS ~AlLL SINBLE REFLACEMENT
REACTIONE ARE REDDX.

A+BEY ——ee— A+ B

ONE ELEMENT REFLACES ANOTHER INM & COMFOUND. {(THE ELEMENTS aRE

OFTEN HYDROGENM AND & METALD

A MORE REACTIVE ELEMENT (OFTEN IN THE FREE STATE CAN DISPLADE &
LESS REACTIVE ELEMENT WITH SIMILAR PROFERTIES FROM A COMPOUND.

A very active metal replaces hydrogen from water.
Z2ha ¢my + EHRD e DNaOH Cmeg > T by <gd

A metal above hydrogen on the activity scale replaces hvdrogen
from and acid
Facws + ZHCL cags ——=% Fellacicmag, + Hzcg

A more active metal replaces a less achtive metal from a compound
INcmsy + CLl&;Da.»(“q) ot s s e Z!'?qu.(“q> R S WY AP

A more active halogen replaces & less active halogen from a

compound
Cle  + Z2LiBr —eee—l 2LA01 4+ Brag

B, REACTIONG INVOLVING NO CHANBES IN OXIDATION STATES

1o DOUBLE DISFLACEMENT (METATHESIS) REACTIONS
AY 4 BY me==3 AY + BX

ATOMS OR 10N EXCHANGE FARTNERS.

THESE REACTION 8TART WITH TWO REACTANTS AND FRODUCE TWO FRODUCTES,
SUCH REACTIONS CAN BE EXPECTED WHEN THE TWO REACTANTS COME FROM
THE TYFES OF COMPOUNDS @ ACID, BABE, BALT aND WATER (FOR
CONVENIENCE WRITTEN A HOM)  THE FRODUCTS CAN BE PREDICTED BY
EXCHANGING THE POSITIVE FARTS OF THE TWO REACTANTS. THE PRODUCTS
ARE FROM THE SaME TYRES OF COMPOUNDS.

HCL + MaOMH o~ NMall  + MO

ONE THEM LISES THE INFORMSTION FREVIOUSLY FPRESENTED TO DECIDE
WHICH OF THE BUBSTANCES SHOULD BE WRITTEN &% [0NS. HCL I8 A
STRONG ACID, NalH I8 & STRONG BASE. AND Nall I3 & SOLUBLE SaLT,
AN 50 ALL THREE SHOULD BE WRITTEM a8 TONS. SINCE SUBDSTANMIES
THAT DO NOT CHANGE &RE NOT APPROPRIATELY REPREZENTED IN A



\
CHEMICAL REACTION OR A CHEMICAL ERUATION THE REACTION ABDVE
BECOMES
H* . + OH™ == M (NET IONIC EQUATION ~ SPECTATOR TONS

FREMOVED)
B&lr:'ﬂ'":z(aq) -+ HIZSCJ;;”“,; e e FaBlg cqmy b 2?‘:1‘3!"’“,:4)
E‘a(OH);“,mq,*i- =HOL Caneyd e s i e Eaiﬁl12<.‘q> d PHaU e
2. SOME COMBINATION REACTIONS RELATED TO METATHETICAL
REACTIONS. THESE REACTIONS PRODUCE A SINGLE PFRODUCT PREDICTABLE
FROM THE TYRFES OF THE REACTANTS INDICATED WITH FACH OF THE
EXAMPLES BELUOW.
METAL OXIDE + WATER ———--> A RBASE, THE METAL IN THE SAME
OXIDATION STATE AS IN THE OXIDE.

Cal¢ws + HOH 1, e Ca{0HY 2 ca >
THEN REVISED TO

Calcws + HOH  ——-> Ca®=+ 4+ OH-
NONMETAL. OXIDE  + WATER -——-> &N ACID, THE NONMETAL IM THE SAME “
OXIDATION STATE A5 IN THE OXIDE k )

S50 “+ MO e e s HaS0
(ND STRONG ACID OR STRONG BASE OR SOLUBLE SALT, S0 NO I0ONS)

METAL OXIDE + NONMETAL OXIDE  -—--> SALT, WITH THE NONMETAL
AFFEARING IN A RADICAL (FOLYATOMIC I0N) WHERE IT HAE THE SAME
OXIDATION STATE A5 IM THE OXIDE

Cal + Bln e CaS0x
(.NO BTRONG ACID OR BASE OR SOLUBLE SALT, SO NO IONS)

So BOME DECOMFOBITION REACTIONS (THE REVERSE OF THE COMBINATION
REACTIONS IN THE CATEGORY RELATED TO METATHETICAL REACTIONS

THERE I8 ONE REACTANT AND THERE ARE TWO FRODUCTS IN EACH OF THESE
REACTIONS '

EASE ~——3 METAL OXIDE + WATER
Ca Oz cms ~===3 Cal (w> + HOH

ACID CONTAINING OQXYEEN > NOMMETAL OXIDE oD WATER
l"!;:'f:-[.."‘!‘ Taney d e —— i"l;',,‘nm ( 1 :‘ o+ Cl:!'_;,a [ R)
HaB0uw ¢ ey T HeO(1) + Sl cgo

HMOm (&g )y e HaD (1Y +  NDzcys



HESTED HzS0a coaas> === Ha01) + BDlmcgs
SALT CONTAINING OXYGEN OXYGEEN  ———3 METAL OXIDE + NOMMETAL OXIDE

CaCllm cmsy =2 Callcms -+ Clmcgs

4. HYDROLYEIS REACTIONS

THE REACTIONS OF SALTS WITH WATER CAN USUALLY BE HANDLED AS
METHATHETICAL REACTIONS. IN ADRITION TD SALTS, SOME OF THE other
COMPOUNDS, FARTICULARLY NOMMETALLIC HALIDES, REACT WITH WATER.

IF THE WATER I3 WRITTEN A3 HOM, COMBINING THE H FRBM THE WATER
WITH THE MORE (OR MOST) ELECTRONEGATIVE ELEMENT FROM THE OTHER
COMPOLND USUALLY GBIVES THE FORMULA FOR ONE OF THE FRODUCTS.  THE
OTHER FRODUCT CONTAINE THE REMAINING ELEMENTS. THE FORMULA FOR
THIS SECOND COMFOUND USUALLY NEEDS TO BE REARRANGED IN ORDER TD
MakE CLEAR ITS ACIDIC PROFERTIES.

FOlm -+ HOH == HZL 4 F{OH) x REARRANEED TO HaPOx O
MORE ACCURATELY, T0O HaFHOR

Se REACTIONS OF COURDINATION COMFOUNDS AND IONS

FREQUENTLY EXCESE AMMOMIA IS USED OR 15 M AMMONIUM HYDROXIDE
THE LIGANDS MOST FREQUENTLY CONSIDERED, ATTACHED T0O & CENTRAL
ATOM THAT IS USUALLY & METAL IONM, ARE THE AMMONIA MOLECULE AND
THE HYDROXIDE I0ON.
FEEF IN MIND THAT THE NUMBER OF LIBANDS ATTACHED TO & CENTRAL
METAL TON IS SOMETIMES TWICE THE OXIDATION NUMBER OF THE CENTRAL
METAL: Ag (NH=) =™, Zn(OH) 4=+
THE BREARUF OF THESE COURDINATION TONS IS FREQUENTLY ACHIEVED RY
ADDING AN ACID.  THE FRODUCTS ARE THE METAL I0N AND THE SFECIES
FORMED WHEN HYDROBEN IONS FEBM THE ACID REACT WITH THE LIGAND
(NHa* FROM NHx AND HOH FROM Off-)

Al (OHY 4~ +  HY - AW + HOH

6. REACUTIONS BASED ON NONWATER DEFINITIONS OF ACIDS AND BASES
BOTH BRONSTED AND LEWIS DEFINITIONS OF ACIDS AND BASES CAN RBE
ILLUSTRATED BY THE WRITING OF EQUATIDNS. RECOGNIZING THAT &N
ALIDR AND A BASE ARE THE REACTANTS ACCORDING TO ONE OF THE
DEFINMITIONS AND KNOWING HOW THEY REACT I8 THE RBEST AFFRDACH.
BRONSTED  REACTIONS INVOLVE THE TRANSFER OF A FROTOM. LEWIS
REACTIONS IMVOLVE THE FORMATION OF & COORDINATE COVALENT BOND.

REEF TN MIND LEWIE ACIDE AND BASES (NHz + FF=) AND ANHYDRIDES

BUCH A8 Cal + 50

C.  ORGANIC REACTIONE - THE MOST COMMON TYPE OF REACTIONS ARE:



1. ADDITION REACTIONS - AREME OR ALKYNE PLUS HALOGEN OR
HALIDE - OBBERVES MARKDOVNIEOFF 'S RULE (WHEM A HYDROGEN HALIDE I8
ADDED TO AN ALKENE, THE HYDROGEN ATOM NORMALLY ENDS UF ON THE
CARBON ATOM THAT ALREADY HAS THE MOST HYDROBEN ATOMS.

Z. FORMATION OF ALCOHOLS VIA ADDITION REACTION

3. ESTERIFICATION -~ ACID PLUS ALCOMOL GIVES AN ESTER FLUS
WATER.
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Free Response Section

Redox:

..[;jnintemmdhte'o:ddaﬁon' state.

/

/
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An oxidizer will react with a reducer of the same element to produce the element at

Solutions of potassium iodide, potassium iodate, and dilute sulfuric acid are mixed.
’ I'+I03"+ H* = I + HO

E (L/ A piece of iron is added to a solution of iron (III) sulfate.

Fe + Fe3* = Fe2t

Lagle)n

£ 4. 5.8 2
A more reactive element (often in the free state) can displace a less reactive element

with similar properties from a compound.

L

e

3

.

\

Zinc metal reacts with tin (II) sulfate.
Zn + Sn2* = Zn2* +5n

Free chlorine reacts with sodium bromide.
Cl+Br= ClI"+Bn

Solid barium peroxide is added to cold sulfuric acid.
T~ BaOz +HY + SO4% = BaSOg + HpO7 —

S

B I :Q cln _I..

S

A solution of hydrogen peroxide is catalytically deoomposed;
HyOp = H0+0,

Chlorates decompose in the presence of heat.
KCO3 = KA +0y

Electrolysis decomposes compounds into their elements.
HO= H2+O

—————

/

e



- Name

Problem

A salt contains only barium and one of the halide ions. A 0.158 g sample of
the salt was dissolved in water, and an excess of sulfuric acid was added to
form barium sulfate (BaSO,), which was filtered, dried, and weighed. Its
mass was found to be 0.124 g. What is the formula of the barium halide?

N



LIMITING REACTANT AND THEORETICAL YIELD

+  THE REACTANT IN EXCESS IS THE SUBSTANCE WHICH WILL HAVE SOME LEFT OVERS,
» THE LIMITING REACTANT IS THE SUBSTANCE WHICH WILL BE ENTIRELY CONSUMED [N
2 THE REACTION. *

e THE THEORETICAL YIELD IS THE AMOUNT OF PRODUCT THAT WOULD BE FORMED IFALL
OF THE LIMITING REACTANT WERE CONSUMED.

Often, you will be told the amounts of two different
reactants and asked to determine which is the limiting reactant
and calculate the theoretical yield of product. To do this, it
helps to follow a systematic procedure. :

1. Calculate the amount of product that would be formed if the
first reactant were completely consumed.

2. Repeat this calculation for the second reactant; that is
calculate how much product would be formed if all of that
reactant were consumed. .

3. Choose the smaller of the two amounts calculated in 1 and
2. This is the theoretical yield of product; the reactant
that produces the smaller amount is the Tlimiting reactant.
The other reactant is in excess; only part of it is
consumed. : '

Example:
<;; Consider the reaction
2 Sh:. + 3 I, ---> 2 ShI,
Determine the limiting reactant and the theoreticé7 yield of
product if we start with '

a. 1.20 mol Sb and 2.40 mol I
b. 1.20 g Sb and 2.40 g I,

-

REMEMBER IN DECIDING UPON THE THEORETICAL YIELD

OF PRODUCT YOU CHOOSE THE SMALLER OF THE TWO

CALCULATED AMOUNTS.

THE ACTUAL YIELD IS WHAT YouU GET. THE THEORETICAL
W | VIELD IS WHAT you wourno GET IF EVERYTHING IN THE

IXPERIMENT WENT PERFECTLY.
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LIMITING REACTANTS CONTINUED

ANOTHER METHOD TO FIND LIMITING REACTANTS

FIND THE MOLAR MASS OF ALL SUBSTANCES IN THE PROBLEM.
FIND THE NUMBER OF MOLES OF EACH OF THE REACTANTS.
DIVIDE THE REACTANTS MOLES BY THEIR RESPECTIVE COEFFICIENTS - THIS TELLS

‘THE NUMBER OF TIMES THE REACTION CAN.RUN.

THE REACTANT WITH THE FEWEST NUMBER OF TIMES IS THE LIMITING REACTANT




AP 1991 B

. The molecular formula of a hydrocarbon is to be determined by
analyzing its combustion products and investigating 1its
colligative properties.

a. the hydrocarbon burns completely, producing 7.2 g of
water and 7.2 liters of CO, at standard conditions. what is ' |
the empirical formula of the hydrocarbon? $H. condthisug (07C ¥lak)
Mecens | nsle of g
Gag wilf OCLMPQY 2241

b. calculate the mass in grams of 0, bequired for the
complete combustion of the sample of the hydrocarbon described
in a.

e hydrocarbon dissolves readily in CHCl, .The dnforoler
point of a solution prepared by mixing 10 g of CHC1,—
.600 g of the hydrocarbon is -64.0 ° C. Calculate the

What is the molecular formula of the hydrocarbon?

\v/
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CHEMISTRY 2 AP
EQUATIONS OF THE WEEK #1
WRITE BALANCED NET' EQUATIONS FOR THESE REACTIONS

A. COMPOSITION REACTIONS

1. MAGNESIUM METAL IS BURNED IN NITROGEN GAS

2. SULFUR DIOXIDE GAS IS PASSED OVER SOLID CALCIUM OXIDE

B. DECOMPOSITION REACTIONS

3. SOLID AMMONIUM CARBONATE IS HEATED

4. A SOLUTION OF HYDROGEN PEROXIDE 1S CATALYTICALLY DECOMPOSED

REPLACEMENT REACTIONS

5. LEAD FOIL IS IMMERSED IN SILVER NITRATE SOLUTION

6. CHLORINE GAS IS BUBBLED INTO A SOLUTION OF SODIUM BROMIDE
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